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To expand the current knowledge about azacitidine (Aza) and donor lymphocyte infusions (DLI) as salvage
therapy for relapse after allogeneic hematopoietic stem cell transplantation (allo-HSCT) and to identify
predictors for response and survival, we retrospectively analyzed data of 154 patients with acute myeloid
leukemia (AML, n ¼ 124), myelodysplastic (MDS, n ¼ 28), or myeloproliferative syndrome (n ¼ 2). All patients
received a median number of 4 courses of Aza (range, 4 to 14) and DLI were administered to 105 patients
(68%; median number of DLI, 2; range, 1 to 7). Complete and partial remission rates were 27% and 6%,
respectively, resulting in an overall response rate of 33%. Multivariate analysis identiﬁed molecular-only
relapse (hazard ratio [HR], 9.4; 95% conﬁdence interval [CI], 2.0 to 43.5; P ¼ .004) and diagnosis of MDS
(HR, 4.1; 95% CI, 1.4 to 12.2; P ¼ .011) as predictors for complete remission. Overall survival (OS) at 2 years was
29%  4%. Molecular-only relapse (HR, .14; 95% CI, .03 to .59; P ¼ .007), diagnosis of MDS (HR, .33; 95% CI, .16
to .67; P ¼ .002), and bone marrow blasts <13% (HR, .54; 95% CI, .32 to .91; P ¼ .021) were associated with
better OS. Accordingly, 2-year OS rate was higher in MDS patients (66%  10%, P ¼ .001) and correlated with
disease burden in patients with AML. In summary, Aza and DLI is an effective and well-tolerated treatment
option for patients with relapse after allo-HSCT, in particular those with MDS or AML and low disease burden.
The latter ﬁnding emphasizes the importance of stringent disease monitoring and early intervention.
 2015 American Society for Blood and Marrow Transplantation.dgments on page 659.
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In patients with acute myeloid leukemia (AML) or myelo-
dysplastic syndromes (MDS) undergoing allogeneic hemato-
poietic stem cell transplantation (allo-HSCT), relapse
represents themost common reason for treatment failure [1].
In this situation, no standard therapy is deﬁned, but treatment
options generallyaim to reduce disease burdenand toenforce
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options are chemotherapy as well as cellular-based ap-
proaches, such as donor lymphocyte infusions (DLI) or second
transplantation [2,3]. Still, long-term survival is scarcely
observed, as indicated by 2-year survival rates hardly
exceeding 20%. In addition, because of accompanying toxic-
ities, the use of intensive chemotherapy and second trans-
plantation are limited to medically ﬁt patients [2,3].
Considering its efﬁcacy and moderate toxicity proﬁle in
older patients with AML and MDS not eligible for allo-HSCT
[4,5], the DNA methyltransferase inhibitor azacitidine (Aza)
has also been tested for treatment of relapse after allo-HSCT.
So far, 2 prospective studies and some small retrospective
series covering a total of 152 patients demonstrated feasi-
bility and clinical efﬁcacy of Aza as salvage therapy for
relapse after allo-HSCT [6-15]. As a consequence, Aza has
become a viable treatment alternative in this setting. Still,
because of the heterogeneity and limited number of patients
reported so far, predictive factors for response and long-term
survival are unknown. This prompted us to perform a
retrospective analysis of 154 patients with relapse of AML or
MDS after allo-HSCT who were treated with Aza and were
scheduled for DLI at 12 German transplantation centers.METHODS
Study Design
Between 2005 and 2013, 66 patients were treated with Aza and envis-
aged DLI for relapse of AML orMDS after allo-HSCTat the University Hospital
Duesseldorf. Their data were analyzed together with an additional 88 pa-
tients treated with Aza and planned DLI at 11 transplantation centers
participating in the German Cooperative Transplant Study Group. Data from
the latter patients were obtained by a retrospective survey aiming to collect
all patients treated at the participating centers within this interval. In addi-
tion, demographic data and basic transplantation informationwere retrieved
from European Society for Blood and Marrow Transplantation Med-A form,
and a speciﬁc questionnaire asking for further details regarding relapse and
treatment was sent to participating centers. Physicians’ review of data and
personal requests at respective centers helped to improve data quality. Thirty
patientswere treatedwithin aprospectivephase II trial (NCT-00795548) [14].
Their results and results of anadditional set of 22patientshadbeenpublished
previously but were updated for this analysis [8-9-14]. The study was
approved by the ethics committee of the Heinrich-Heine-University, Dues-
seldorf (approval number 4138) and written informed consent was obtained
from patients who were alive at the time of data collection.Deﬁnitions and Response Criteria
Hematologic relapse was deﬁned as bone marrow (BM) [16] blasts 5%,
appearance of blasts in peripheral blood [17,18], reappearance of dysplastic
features fulﬁlling the diagnosis criteria for MDS and/or extramedullary
disease manifestation. Molecular relapse was deﬁned as decrease of donor
chimerism (DC) 95% assessed by the individual method of the respective
center and/or reoccurrence of patient-speciﬁc disease markers, eg, chro-
mosomal aberrations or molecular alterations, without evidence of hema-
tologic relapse.
Graft-versus-host disease (GVHD), cytogenetics, remission status before
allo-HSCT, and conditioning intensity were deﬁned as previously described
[17-21]. In contrast, for evaluation after relapse, no complete hematologic
reconstitution was required for deﬁnition of complete remission (CR), as
factors other than the underlying disease and treatment for GVHD or viral
infections might contribute to cytopenias. Still, for diagnosis of CR, resto-
ration of complete DC and, if available, negativity of disease-speciﬁcmarkers
were required. Outside the prospective trial, there was no planned response
monitoring consisting of marrow evaluation, molecular testing, and
chimerism analysis, but they were performed according to the individual
center policy. Overall survival (OS) was deﬁned as interval from start of Aza
treatment until death or last follow-up. Patients who received a second allo-
HSCT were censored at that date. Time to response was calculated from start
of Aza treatment until detection of best response, whereas duration of
response was deﬁned as time from best response until loss of response and
death. Patients whowere alivewith ongoing remissionwere censored at last
follow-up.Statistics
Continuous variables were summarized using median (range), whereas
frequency tables were used for categorical variables. Time-to-event curves
were calculated using the Kaplan-Meier method, and log-rank test was
employed for univariate comparisons. For univariate comparison cross
tabulation, Fisher’s exact test and Mann-Whitney test were used. Factors
inﬂuencing outcome or response in univariate analysis with a P value <.10
were included intomultivariate analysis. For OS, a Cox regression model was
used with a step-wise backward procedure deleting factors in the ﬁnal
model above the cut-off signiﬁcance level of .05. For variables associated
with achievement of CR, a multinominal logistic regression analysis was
performed. Statistical analyses were performed using SPSS for Windows
(SPSS Inc. Chicago, IL).RESULTS
Patients and Treatment
We analyzed data of 154 patients (median age, 55 years;
range, 21 to 72 years) with AML (n¼ 124, 81%), MDS (n ¼ 28,
18%), or myeloproliferative syndromes (n ¼ 2, 1%), who had
relapsed after a median of 185 days (range, 19 to 3349 days)
after allo-HSCT. The majority of patients suffered from he-
matologic relapse (n ¼ 135, 88%), whereas 19 patients (12%)
had molecular relapse. In 14 patients, diagnosis of molecular
relapse was based on the detection of a disease-speciﬁc
marker, such as karyotype abnormality or mutation associ-
ated with loss of complete DC. In the other 5 patients with
high-risk AML without a disease-speciﬁc marker, loss of DC
to a median of 91% (range, 90% to 95%) was accompanied
with cytopenia and, therefore, judged by the treating phy-
sicians as indicative for relapse (Table S1). Six patients (3%)
suffered from extramedullary relapse (2 patients skin in-
ﬁltrations, 1 patient lung chloroma, 1 patient retroperitoneal
chloroma, 1 patient with meningeosis leukemica, and 1 pa-
tient with meningeosis leukemica and chloroma of femur),
which was associated with systemic relapse in 5 of them.
Details on patients, transplantation, and relapse character-
istics are given in Tables 1 and 2.
In 143 patients (93%), Aza with plans to administer DLI
was the ﬁrst therapy for relapse, reﬂected by a median time
between diagnosis of relapse and onset of treatment of 7.5
days (range, 0 to 214 days). Eleven patients (7%) had received
antileukemic treatment before Aza therapy, including 5 pa-
tients treated with intensive chemotherapy (3 high-dose
cytarabine and mitoxantrone [HAM], 2 ﬂudarabine,
cytarabine and idarubicine [FLAG-Ida]), 4 patients with the
multikinase inhibitor sorafenib, 1 patient with low-dose
cytarabine, and 1 patient with gemtuzumab-ozogamicin. In
addition, 6 patients had already received 1 to 3 DLI. All of
these patients had failed ﬁrst-line therapies and were,
therefore, switched to Aza treatment.
Patients received a median of 4 courses Aza (range, 4 to
14). Three different dosing regimens were chosen, according
to the local policy of the individual transplantation centers: in
70 patients (45%) Aza was administered at a dose of 100 mg/
m2 for 5 days every 28 days. This dosing scheme, which
consisted of 6 to 8 cycles Aza and DLI envisaged after every
second Aza cycle, was initially chosen in our prospective trial
(NCT-00795548) to facilitate an outpatient setting while still
delivering a dose almost equal to the approved dosage of Aza.
During that time, we and other centers also used this dosing
schedule in patients not participating in this trial. Afterwards,
we and other centers switched to the approved Aza dose of 75
mg/m2 for 7 days within a 28-day schedule, which was used
in 79 patients (51%). The remaining 5 patients (4%) received
50 mg/m2 Aza per day for 5 days every 28 days, based on
an individual decision of the treating physicians [10].
Table 2
Relapse Characteristics
Characteristic Value
Time to relapse, median (range), d 185 (19-3349)
WBC, median (range),  109/L 3.5 (.6-48.6)
Blasts PB, median (range), % 0 (0-71)
Blasts BM, median (range), % 13 (0-100)
Median Hb, median (range), g/dL 11 (3.5-16.4)
Platelets, median (range),  109/L 63 (4-360)
BM chimerism, median (range), % 72 (0-100)
PB chimerism, median (range), % 84 (1-100)
Extramedullary relapse
Isolated 1 (1)
Associated with systemic relapse 5 (3)
GVHD before relapse
Acute 59 (34)
Grade I 22 (14)
Grade II 21 (14)
Grade III 14 (9)
Grade IV 2 (1)
Chronic 31 (20)
Limited 23 (15)
Extensive 8 (5)
Immunosuppression at Aza start
Yes 50 (32)
No 104 (68)
Taper/stop 46 (92)
GVHD ﬂare 4 (8)
PB indicates peripheral blood; Hb, hemoglobin.
Data presented are n (%), unless otherwise indicated.
Table 1
Patients Demographics and Clinical Characteristics
Characteristic Value
No. of patients 154
Age, median (range), yr 55 (21-72)
Sex
Male 73 (47)
Female 81 (53)
AML 124 (81)
WHO
With recurrent genetic abnormalities 17 (11)
MDS-related changes 41 (27)
Therapy-related 14 (9)
NOS 50 (32)
Acute leukemias of ambiguous lineage 2 (1)
MDS and MDS/MPS overlap 28 (18)
RCMD 3 (2)
RAEB (RAEB-I [n ¼ 4], RAEB-II [n ¼ 16]) 20 (13)
CMML (CMML-I [n ¼ 2], CMML-II [n ¼ 1]) 3 (6)
MDS/MPS unclassiﬁable 2 (1)
MPS 2 (1)
CML, atypical Ph 2 (1)
Karyotype
Normal 67 (44)
Aberrant 85 (55)
Complex 41 (27)
Monosomal 10 (6)
Missing 2 (1)
Molecular/genetic risk
Favorable 21 (14)
Intermediate 76 (49)
Adverse 55 (36)
Missing 2 (1)
Disease status at allo-HSCT
Remission 59 (38)
No remission 90 (59)
CR (CR1 or CR2) 59 (38)
Relapse 32 (21)
Induction failure 26 (17)
Untreated 32 (21)
Missing 5 (3)
Conditioning
Standard-dose 64 (42)
Dose-reduced 90 (58)
Donor type
HLA identical related donor 40 (26)
HLA identical unrelated donor 81 (52)
HLA mismatched unrelated donor (1 or 2 AG) 31 (20)
Haploidentical 1 (1)
Haploidentical þ CB 1 (1)
Graft source
PBSC 147 (95)
BM 6 (4)
Haploidentical þ CB 1 (1)
WHO indicates World Health Organization; NOS, not otherwise speciﬁed;
MPS, myeloproliferative syndrome; RCMD, refractory cytopenia with mul-
tilineage dysplasia; RAEB, refractory anemia with excess blasts; CMML,
chronic myelomonocytic leukemia; CML, chronic myeloid leukemia; Ph,
Philadelphia chromosome negative; AG, antigen; CB, cord blood; PBSC,
peripheral blood stem cells.
Data presented are n (%) unless otherwise indicated.
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schedule of the prospective trial in our patients, depending
on response and tolerability. However, the number of Aza
cycles and DLI, as well as timing of Aza before and after DLI,
was based on the decision of individual center.
DLI were administered to 105 patients (68%). Reasons for
not giving at least 1 DLI in the remaining 49 patients (32%)
were progressive disease (n ¼ 24), active GVHD (n ¼ 5),
donor unavailability (n ¼ 3), previous DLI (n ¼ 2), achieve-
ment of CR by Aza alone (n ¼ 2), poor performance status
(n ¼ 2), and patient’s decision (n ¼ 1, missing information
n¼ 9). Median number of DLI per patient was 2 (range,1 to 7)corresponding to a median amount of CD3þ cells per patient
of 31.2  106/kg (range, .3 to 303  106/kg).Response and Outcome
Forty-one patients (27%) achieved CR and 9 patients (6%)
achieved partial remission, resulting in an overall response
rate of 33%. No signiﬁcant differences with regard to
response were observed between patients receiving Aza as
ﬁrst salvage therapy and the limited number of patients
already who had been treated with other salvage therapies
(Table S2). In addition, CR rates did not differ between the 3
Aza dosing schemes (Table S3). Median time to CR was 85
days (range, 26 to 430 days) corresponding to 3 Aza cycles
(range, 1 to 8 cycles). Twenty-seven patients (66%) remained
in ongoing remission for a median of 20 months (range, 5 to
57 months) without any additional pharmacological treat-
ment after Aza therapy, whereas 14 patients (34%) relapsed
again after a median of 13 months (range, 2 to 76 months)
(Figure S1). Looking at the 6 patients with extramedullary
relapse, 3 patients achieved CR. In 1, CR was achieved by Aza
alone, whereas in the 2 others, intrathecal chemotherapy
(n¼ 2) and local radiation of cutaneous chloroma (n¼ 1) was
administered concomitantly.
Trying to discriminate between the contribution of Aza
and the impact of cellular therapy for induction of CR, we
looked in detail at patients who achieved CR. The majority of
these patients (n ¼ 38, 93%) had received DLI (median 3,
range, 1 to 6 DLI per patient). Eight patients (22%) were
already in CR before ﬁrst DLI, whereas the majority of pa-
tients (29, 78%, data missing for 1 patient) achieved CR after
administration of the ﬁrst DLI. Three patients with CR did not
receive any DLI. Remissions in those 3 patients lasted for 64,
224, and 189 days followed by another relapse. As only 2
patients had received Aza treatment before allo-HSCT, we
cannot draw any reliable conclusion whether Aza pretreat-
ment inﬂuences response after transplantation.
Figure 1. Overall survival (OS) after treatment with Aza and DLI in 154 pa-
tients. OS was 29% (4%) at 2 years.
Table 3
Predictive Factors for CR in Patients Treated with Aza and DLI
Variable First-Line Aza (n ¼ 143)
CR Rate P
% Univariate
Time from ﬁrst transplantation to relapse
<185 d (median) 22 .2604
>185 d 31
Type of relapse
Hematological 21 <.0001
Molecular 72
Diagnosis
MDS 42 .0664
AML or MPS 23
Karyotype
Normal 26 .8498
Abnormal 29
Karyotype
Noncomplex 24 .6728
Complex 29
Karyotype
Nonmonosomal 27 .2615
Monosomal* 44
Molecular/genetic risky
Low/intermediate 30 .5569
High 24
BM blasts at relapse
<13% (median) 44 .0004
>13% 15
PB blasts at relapse
Present 17 .0074
Absent 42
WBC at relapse
<1  109/L 29 .7279
>1  109/L 18
WBC at relapse
<3.5  109/L (median) 25 .4429
>3.5  109/L 32
ND indicates not done.
Complex karyotype was deﬁned as 3 abnormalities. Monosomal karyotype was d
combination with at least 1 structural abnormality. Results from univariate analyses
Aza as ﬁrst-line therapy (n¼ 143.) Factors inﬂuencing response in univariate analys
associated with achievement of CR, a multinominal logistic regression analysis was
(72%) could be included into the calculation.
* Deﬁned by [22].
y Deﬁned by [18,20].
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months) the 2-year OS rate was 29%  4% (Figure 1) and did
not differ between patients receiving ﬁrst-line salvage ther-
apy with Aza and pretreated patients (Table S2, Figure S1). At
last follow-up, 53 patients were alive, whereas 101 patients
had died from underlying disease (n¼ 66), cytopenia-related
infections (n ¼ 24) or bleeding (n ¼ 4), mostly in the context
of active disease, GVHD (n ¼ 2), or other causes (n ¼ 5). A
total of 19 patients (12%) received a second allo-HSCT, which
was performed in all but 1, because of a failure of Aza and DLI.
The remaining patient initially achieved CR by Aza treat-
ment, which lasted for 76 months, and received a second
allo-HSCT at next relapse. Of those 19 patients receiving a
second allo-HSCT, 15 patients (79%) have died, whereas 4
patients are alive and free of disease 8 to 69 months later.GVHD
During the interval from allo-HSCT until relapse, 59
patients (34%) suffered from acute GVHD (aGVHD) and 31
patients (20%) suffered from chronic GVHD (cGVHD). As a
consequence, 50 patients (32%) still received systemic
immunosuppression at relapse, which could be successfully
tapered in 46 patients. In 4 patients, a ﬂare of the underlyingAll Patients (n ¼ 154)
CR Rate P
% Univariate Multivariate
22 .2739 ND
31
21 <.0001 .004
68
41 .0702 .011
23
25 .7169 ND
28
24 .8371 ND
28
26 .4599 ND
40
29 .5700 ND
24
45 .0002 .099
15
16 .0049 .380
41
31 1.000 ND
28
26 .7090 ND
30
eﬁned as 2 autosomal monosomies or 1 single autosomal monosomy in
are shown for all patients (n¼ 154) as well as for those patients treated with
is with a P value<.10 were included into multivariate analysis. For variables
performed. Based on the availability of requested parameters, 111 patients
T. Schroeder et al. / Biol Blood Marrow Transplant 21 (2015) 653e660 657GVHD prevented tapering of immunosuppression (Table 2).
Overall incidence of aGVHD after treatment with Aza and DLI
when considering all patients (n ¼ 154) was 23% and 31%
when considering only patients who had received DLI (n ¼
105). Only 35% of affected patients suffered from grade III and
IV aGVHD. Thirty-three patients (92%) had received at least 1
DLI before the onset of aGVHD, whereas 3 additional patients
developed aGVHD without administration of any DLI, indi-
cating that the development of GVHD was signiﬁcantly
associated with the administration of DLI (Table S4). Onset of
aGVHD symptoms was documented in median 86 days
(range, 7 to 251 days) after ﬁrst DLI. Of the 33 patients who
developed aGVHD after DLI, 42% (n ¼ 14) showed aGVHD
symptoms after ﬁrst DLI, 21% (n ¼ 7) after second DLI, 13%
(n ¼ 4) after third DLI, and 6% (n ¼ 2) after the fourth DLI
(missing information for 6 patients, 18%).
cGVHD was observed in 41 patients (27%, 31% when
considering only patients who had received DLI), with 80% of
affected patients having limited cGVHD. Almost two thirds of
the patients (n ¼ 25, 61%) had de novo onset of cGVHD,
whereas cGVHD proceeding from aGVHD was observed in 16
patients (39%) (Table S4).
Nine patients (18%) who received Aza without DLI (n ¼
49) developed mostly mild manifestations of acute and/orTable 4
Risk Factor Analysis for Outcome in Patients Treated with Aza and DLI
Variable First-Line Aza (n ¼ 143)
OS at 2 Years after Treatment Start P
% Univariate
Time from ﬁrst transplantation to relapse
<185 d (median) 20.4  5 .005
>185 d 36.8  7
Type of relapse
Hematological 23.9  4 .001
Molecular 65.4  15
Diagnosis
MDS 66.3  10 .001
AML or MPS 24.7  5
Karyotype
Normal 33.7  7 .325
Abnormal 25.9  6
Karyotype
Noncomplex 33.7  6 .072
Complex 14.7  6
Karyotype
Nonmonosomal 28.3  5 .811
Monosmal* 40  17
Molecular/genetic risky
Low/intermediate 35.2  6 .033
High 18.9  6
BM blasts at relapse
<13% (median) 46.3  8 <.0001
>13% 20.9  6
PB blasts at relapse
Present 23.3  7 .028
Absent 37.5  7
WBC at relapse
<10  109/L 30.4  5 .054
>10  109/L 10  10
WBC at relapse
<3.5  109/L (median) 29.9  6 .215
>3.5  109/L 27.3  6
Complex karyotype was deﬁned as 3 abnormalities. Monosomal karyotype was d
combination with at least 1 structural abnormality. Results from univariate analyses
Aza as ﬁrst-line therapy (n ¼ 143.) Factors inﬂuencing outcome in univariate analy
survival, a Cox regression model was used with a stepwise backward procedure d
Based on the availability of requested parameters 109 patients (71%) could be incl
* Deﬁned by [22].
y Deﬁned by [18,20].chronic GVHD (Table S4). Still, treatment with Aza alone
appeared not to be associated with a high risk for the in-
duction of GVHD, as only 2 of 9 patients who developed
aGVHD and/or cGVHD had de novo GVHD. The remaining 7
patients already suffered from aGVHD and/or cGVHD and/or
were on immunosuppression when Aza was started.
Predictors for Response and Overall Survival
Univariate analysis identiﬁed molecular-only relapse,
primary diagnosis of MDS, BM inﬁltration at relapse below
median of <13% blasts, and absence of blasts in peripheral
blood at relapse as predictors for the achievement of CR. In
contrast, no association was found for the interval between
allo-HSCT and relapse, any karyotype abnormality, genetic
risk group, and white blood cell count at relapse. No relevant
differences were found between patients receiving Aza as
ﬁrst salvage therapy and those having received previous
therapies. In a multivariate model, molecular-only relapse
(hazard ratio [HR]: 9.4; 95% conﬁdence interval [CI], 2.0 to
43.5; P ¼ .004) and diagnosis of MDS (HR, 4.1; 95% CI, 1.4 to
12.2; P ¼ .011) (Table 3) were conﬁrmed as signiﬁcant pre-
dictors for response.
We then performed a risk factor analysis regarding OS
based on the same variables previously evaluated forAll Patients (n ¼ 154)
OS at 2 Years after Treatment Start P
% Univariate Multivariate
19.4  5 .001 .237
38.6  7
24.8  4 .003 .007
61.7  15
66.0  16 .004 .002
23.5  5
34.6  7 .197 ND
25.9  6
33.7  6 .010 .09
15.9  7
28.9  5 .871 ND
36  16
35.2  6 .030 .801
19.9  7
46.6  8 <.0001 .021
22.6  6
21.9  7 .018 .788
37.3  7
28.8  5 .259 ND
15.6  13
28.3  6 .406 ND
29.1  6
eﬁned as 2 autosomal monosomies or 1 single autosomal monosomy in
are shown for all patients (n¼ 154) as well as for those patients treated with
sis with a P value <.10 were included into multivariate analysis. For overall
eleting factors in the ﬁnal model above the cut-off signiﬁcance level of .05.
uded into the calculation.
Figure 2. Overall survival (OS) after treatment with Aza and DLI according to
diagnosis and disease burden. Type of relapse (eg, molecular instead of he-
matological relapse), primary diagnosis of MDS, and a lower leukemic burden
in BM at relapse were associated with a longer OS in multivariate analysis. (A)
Patients with MDS (blue curve) and AML (green curve), log-rank: P ¼ .001. (B)
AML patients according to type of relapse and BM blast count: molecular
relapse (blue curve, log-rank: P < .001), hematological relapse <13% blasts
(green curve, log-rank: P ¼ .0602), and hematological relapse >13% blasts
(grey curve).
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analysis an interval between allo-HSCT and relapse >185
days, molecular-only relapse, primary diagnosis of MDS, BM
inﬁltration at relapse below median of <13% blasts, absence
of blasts in peripheral blood at relapse, noncomplex karyo-
type, and a low or intermediate genetic risk proﬁle as pre-
dictors for OS. Again, these predictors applied to patients
with ﬁrst-line Aza salvage therapy and pretreated patients.
Of these factors, molecular-only relapse (HR, .14; 95% CI, .03
to .59; P ¼ .007), diagnosis of MDS (HR, .33; 95% CI, .16 to .67;
P ¼ .002) and BM inﬁltration at relapse below median of
<13% blasts (HR, .54; 95% CI, .32 to .91; P ¼ .021) retained
their favorable prognostic impact on OS in multivariate
analysis (Table 4).
Accordingly, MDS patients had a 2-year OS rate of 66%
(10%), which was signiﬁcantly higher than 2-year OS rate in
AML patients (26%  5%, P ¼ .001) (Figure 2A). Still, within
the group of AML patients, 2-year OS rate was 69% (16%) in
those with a molecular only relapse, which was comparable
to the outcome of MDS patients (P ¼ .39), but signiﬁcantly
higher in comparison to AML patients with hematological
relapse (2-year OS rate 19%  6%, P < .001). In AML patients
with hematological relapse, there was a trend towards a
better outcome in patients with low disease burden (<13%
BM blasts, 2-year OS 26%  10% versus >13% BM blasts, 2-
year OS 16%  5%, P ¼ .062) (Figure 2B).
DISCUSSION
In this retrospective multicenter study, we analyzed data
of 154 patients with AML or MDS who were treated with Aza
and planned DLI for relapse after allo-HSCT. This represents,
to the best of our knowledge, the largest cohort of patients
reported so far. In addition, Aza with planned DLI was the
ﬁrst intervention for relapse in the great majority of these
patients (93%). Both enabled us to provide sufﬁcient data on
response and survival and to compare them with available
data from the literature on the use of other treatment stra-
tegies for relapse after allo-HSCT. Furthermore, the number
of patients and the quality of data provided by respective
centers allowed us to identify patients whomay beneﬁt most
from the combination of Aza and DLI.
Remission induction in patients relapsing after allo-HSCT
is essentially associated with survival [23]. However, remis-
sion rates after intensive chemotherapy range between only
17% and 32% [1,3,23]. In addition, it has to be taken into ac-
count that intensive chemotherapy requires inpatient treat-
ment and can only be applied to a selected group of
medically ﬁt patients because of associated toxicities. The CR
rate after Aza and DLI in our analysis was 29%, with multi-
variate analysis identifying patients with molecular relapse
and those with diagnosis of MDS to have the highest likeli-
hood of response. This response rate conﬁrms results from 2
prospective studies, as well as retrospective series reporting
on the use of varying schedules of Aza with or without DLI
[7-15]. In this context, it is also worth noting that the com-
bination of Aza and DLI was mainly given on an outpatient
basis despite a rather high median patients’ age and a rele-
vant proportion of 32 patients (21%) relapsingwithin the ﬁrst
100 days.Whereas these ﬁndings reﬂect the good tolerability
of Aza, its direct antileukemic effect is reﬂected by the 11
patients who achieved CR either before ﬁrst DLI or without
receiving any DLI. Of note, in line with previous case reports,
Aza was also able to induce CR in 3 of 6 patients with
extramedullary relapse including 1 patient treated by Aza
alone [6-10]. Taken together, with regard to response andtolerability, our results seem to compare at least very well
with results observed after intensive chemotherapy.
Regardless of the type of salvage therapy, Schmid et al.
recently demonstrated that the use of donor cells is required
to achieve long-term survival in patients with CR [23]. Two
thirds of the patients in our analysis received at least 1 DLI. In
the CR group, even more patients received DLI. In addition,
T. Schroeder et al. / Biol Blood Marrow Transplant 21 (2015) 653e660 659CR was obtained after the ﬁrst DLI in 78% of patients, sug-
gesting a pronounced cell-induced immune reaction. Though
the limited number does not allow deﬁnitive conclusions,
the ﬁnding that all 3 CR patients who did not receive DLI
relapsed within 7 months also argues in favor for donor
cellebased consolidation. In accordance with this idea, re-
missions induced by Aza and DLI in our analysis were
ongoing for a median period of 20 months in 66% of patients
and lasted for a median of 13 months in those who ﬁnally
relapsed again. In contrast, in the study of Platzbecker et al.,
even though it was given pre-emptively, Aza alone could
prevent hematologic relapse only in a minority of patients,
probably related to the fact that DLI were not part of the
protocol [13]. Still, this should be interpreted with caution, as
the opportunity to give DLI and time required to develop a
GVL effect might also reﬂect a less aggressive disease.
Although the data presented here strongly support the
use of DLI in combination with Aza to enhance a GVL reac-
tion, the potentially detrimental and life-threatening in-
duction of GVHD by DLI has to be considered. In a large
registry-based survey on the use of DLI, frequency of
aGVHD and cGVHDwere 43% and 46%, respectively, with 80%
suffering from grade II to IV aGVHD [16]. After Aza and DLI,
we observed an aGVHD rate of 23%, consisting mostly of
grade I and II disease, and a cGVHD rate of 27%, being mostly
limited disease. This rather low incidence and mild presen-
tation of GVHD, which also appeared when considering only
patients who had received DLI (Table S4), complements the
favorable toxicity proﬁle of the combination of Aza and DLI,
underlining its role as clinically relevant treatment alterna-
tive. This obvious mitigation of DLI-associated GVHD,
without hampering the GVL effect, might be related to an
Aza-induced expansion of regulatory T cells, as previously
reported [24,25].
Despite the promising CR rate of 29%, with two thirds of
the patients remaining in long-term remission without any
additional therapy, one third of patients, evenwith the use of
DLI relapsed again and the majority of those patients rapidly
died. This suggests that Aza together with DLI was indeed
able to induce morphological and even molecular re-
missions, but probably failed to eliminate so-called (pre-)
leukemic stem/progenitor cells. It has already been demon-
strated that this cell population persists in clinical remission
after treatment with Aza in the nontransplantation setting
and after chemotherapy and represents a cellular reservoir
with potential to give rise to relapse [26-29]. Serial moni-
toring of this cell population during treatment with Aza and
DLI might, therefore, be of interest to identify patients
requiring treatment adaption.
In our study, clinical responses after Aza and DLI trans-
lated into a 2-year OS rate of 29%. This outcome compares
well with survival rates observed after other treatment op-
tions, such as intensive chemotherapy, DLI, and/or second
transplantation. Schmid et al. recently reported a 2-year OS
rate of 13.9% in 776 patients with AML relapse after allo-
HSCT receiving chemotherapy and/or DLI and second trans-
plantation [23]. After DLI, a 2-year OS rate of 21% was
observed [16], whereas in another recent analysis focusing
on second transplantation including 132 patients with AML,
the 2-year OS was 25%, even when using an alternative
second donor [30]. The median age in the latter reports on
DLI and second transplantation was 39 years [16] and 36.5
years [30], respectively, thereby remarkably lower than
median age of 55 years in our analysis as well as median age
of 55.7 years in the AML cohort [23]. On the 1 hand, thissupports once again the favorable balance between efﬁcacy
and tolerability of Aza and DLI.
On the other hand, it also points out that a direct com-
parison between these treatment strategies is difﬁcult
because of different patient characteristics and a potential
selection bias, as retrospective studies on DLI and second
transplantation only include patients surviving until the
intervention.
By multivariate model, we identiﬁed risk factors for OS,
which could predict the individual patient’s prognosis from
start of treatment with Aza and DLI. In particular, diagnosis of
MDS correlatedwith a better outcome, reﬂecting the primary
indication in the nontransplantation setting. In contrast, the
2-year OS rate of AML patients was lower (26%), but it was
still at least comparable with outcome after intensive
chemotherapy or second transplantation. Hence, AML pa-
tients can also be rescued by Aza and DLI, particularly when
treated early. The latter aspect was indicated by a clear as-
sociation between disease burden in terms of relapse type
(eg, molecular only) as well as BM blast count and OS, which
might also reﬂect relapse kinetics. This correlation between
blast count and survival is in accordance with recent data
[23] and also applied when other cut-off points (<10%,10% to
20%, >20% BM blast count) were employed (Figure S3).
Hence, this ﬁnding emphasizes the need for stringent disease
monitoring and early intervention. Because prospective
studies comparing treatment options for relapse after allo-
HSCT will not be available in the near future, results from
our analysis might help clinicians to identify patients with a
chance for long-term remission.
In conclusion, based on its efﬁcacy and low GVHD rate,
the combination of Aza and DLI is a valuable treatment
alternative for patients relapsing after allo-HSCT, in partic-
ular those with MDS or AML with low disease burden.
ACKNOWLEDGMENTS
This study was performed on behalf of the German
Cooperative Transplant Study Group. T.S. and G.K. would like
to thank all members of the German Cooperative Transplant
Study Group for their efforts in this study. The authors also
thank the staff of the transplantation unit of the Department
of Hematology, Oncology and Clinical Immunology for
excellent patient care.
Parts of this study were presented at the 55th American
Society of Hematology Annual Meeting, New Orleans, LA,
December 7 to 10, 2013.
Financial disclosure: T.S. had a consulting role for Celgene
Corporation, Germany and received ﬁnancial travel support
and lecture fees from Celgene Corporation, Germany. G.B.
received ﬁnancial travel support, honoraria, and research
funding from Celgene Coporation, Germany. S.K. had
received honoraria from Hospira and Novartis, research
funding from Hospira, and ﬁnancial travel support from
Astellas, Eusapharm and Gilead. A.C. is employed at Merri-
merck Pharmaceuticals. M.B. received honaria from Celgene,
Novartis, MedA, and Genzyme, had a consulting role for MSD
(Merck) and received ﬁnancial travel support from Merck,
Fujigawa, and Genzyme. R.F. had a consulting role for Cel-
gene Coporation, Germany and received honoraria, research
funding, and ﬁnancial travel support from Celgene Corpo-
ration, Germany. U.P. had a consulting role for Celgene
Coporation, Germany and received honoraria and research
funding from Celgene Corporation, Germany. N.K. had
speaker’s bureau and received research funding from Cel-
gene Corporation, Germany. G.K. received ﬁnancial travel
T. Schroeder et al. / Biol Blood Marrow Transplant 21 (2015) 653e660660support, research funding, and lecture fees from Celgene
Corporation, Germany. N.K.S., D.W.B., D.W., M.R., M.S., A.D.,
K.N., E.R., M.K., T.L., M.S., L.U., and R.H. have nothing to
disclose.
Authorship statement: Conception and design by T.S. and
G.K. Collection and assembly of data by T.S., G.K., E.R., G.B.,
M.S., S.K., N.K.S., D.W.,M.R., A.C., K.N., A.D.,M.K.,M.S., U.P., L.U.,
T.L., R.F., U.G., M.B., N.K., D.W.B., and R. H. Data analysis and
interpretation by T.S., G.K., R.H., U.G. Manuscript writing by
T.S. and G.K. Final approval of the manuscript by all authors.
SUPPLEMENTARY DATA
Supplementary data related to this article can be found
online at http://dx.doi.org/10.1016/j.bbmt.2014.12.016.
REFERENCES
1. Pavletic SZ, Kumar S, Mohty M, et al. NCI First International Workshop
on the Biology, Prevention, and Treatment of Relapse after Allogeneic
Hematopoietic Stem Cell Transplantation: report from the Committee
on the Epidemiology and Natural History of Relapse following Alloge-
neic Cell Transplantation. Biol Blood Marrow Transplant. 2010;16:
871-890.
2. de Lima M, Porter DL, Battiwalla M, et al. Proceedings from the National
Cancer Institute’s Second International Workshop on the Biology,
Prevention, and Treatment of Relapse After Hematopoietic Stem Cell
Transplantation: part III. prevention and treatment of relapse after
allogeneic transplantation. Biol Blood Marrow Transplant. 2014;20:4-13.
3. Porter DL, Alyea EP, Antin JH, et al. NCI First International Workshop on
the Biology, Prevention, and Treatment of Relapse after Allogeneic
Hematopoietic Stem Cell Transplantation: report from the Committee
on Treatment of Relapse after Allogeneic Hematopoietic Stem Cell
Transplantation. Biol Blood Marrow Transplant. 2010;16:1467-1503.
4. Fenaux P, Mufti GJ, Hellstrom-Lindberg E, et al. Efﬁcacy of azacitidine
compared with that of conventional care regimens in the treatment of
higher-risk myelodysplastic syndromes: a randomised, open-label,
phase III study. Lancet Oncol. 2009;10:223-232.
5. Fenaux P, Mufti GJ, Hellstrom-Lindberg E, et al. Azacitidine prolongs
overall survival compared with conventional care regimens in elderly
patients with low bone marrow blast count acute myeloid leukemia.
J Clin Oncol. 2010;28:562-569.
6. Antar A, Otrock ZK, Kharfan-Dabaja M, et al. Azacitidine in the treat-
ment of extramedullary relapse of AML after allogeneic hematopoietic
cell transplantation. Bone Marrow Transplant. 2013;48:994-995.
7. Bolanos-Meade J, Smith BD, Gore SD, et al. 5-azacytidine as salvage
treatment in relapsed myeloid tumors after allogeneic bone marrow
transplantation. Biol Blood Marrow Transplant. 2011;17:754-758.
8. Czibere A, Bruns I, Kroger N, et al. 5-Azacytidine for the treatment of
patients with acute myeloid leukemia or myelodysplastic syndrome
who relapse after allo-SCT: a retrospective analysis. Bone Marrow
Transplant. 2010;45:872-876.
9. Graef T, Kuendgen A, Fenk R, et al. Successful treatment of relapsed
AML after allogeneic stem cell transplantation with azacitidine. Leuk
Res. 2007;31:257-259.
10. Jabbour E, Giralt S, Kantarjian H, et al. Low-dose azacitidine after
allogeneic stem cell transplantation for acute leukemia. Cancer. 2009;
115:1899-1905.
11. Kim SY, Cho SG, Cho BS, et al. Azacytidine treatment after discontin-
uation of immunosuppressants in patients with myelodysplastic syn-
drome and relapse after allo-SCT at a single center. Bone Marrow
Transplant. 2010;45:1375-1376.
12. Lubbert M, Bertz H, Wasch R, et al. Efﬁcacy of a 3-day, low-dose
treatment with 5-azacytidine followed by donor lymphocyte in-fusions in older patients with acute myeloid leukemia or chronic
myelomonocytic leukemia relapsed after allografting. Bone Marrow
Transplant. 2010;45:627-632.
13. Platzbecker U, Wermke M, Radke J, et al. Azacitidine for treatment of
imminent relapse in MDS or AML patients after allogeneic HSCT: re-
sults of the RELAZA trial. Leukemia. 2012;26:381-389.
14. Schroeder T, Czibere A, Platzbecker U, et al. Azacitidine and donor
lymphocyte infusions as ﬁrst salvage therapy for relapse of AML or
MDS after allogeneic stem cell transplantation. Leukemia. 2013;27:
1229-1235.
15. Tessoulin B, Delaunay J, Chevallier P, et al. Azacitidine salvage therapy
for relapse of myeloid malignancies following allogeneic hematopoi-
etic SCT. Bone Marrow Transplant. 2014;49:567-571.
16. Schmid C, Labopin M, Nagler A, et al. Donor lymphocyte infusion in the
treatment of ﬁrst hematological relapse after allogeneic stem-cell
transplantation in adults with acute myeloid leukemia: a retrospec-
tive risk factors analysis and comparison with other strategies by the
EBMT Acute Leukemia Working Party. J Clin Oncol. 2007;25:4938-4945.
17. Cheson BD, Greenberg PL, Bennett JM, et al. Clinical application and
proposal for modiﬁcation of the International Working Group (IWG)
response criteria in myelodysplasia. Blood. 2006;108:419-425.
18. Dohner H, Estey EH, Amadori S, et al. Diagnosis and management of
acute myeloid leukemia in adults: recommendations from an inter-
national expert panel, on behalf of the European LeukemiaNet. Blood.
2010;115:453-474.
19. Filipovich AH, Weisdorf D, Pavletic S, et al. National Institutes of Health
consensus development project on criteria for clinical trials in chronic
graft-versus-host disease: I. Diagnosis and staging working group
report. Biol Blood Marrow Transplant. 2005;11:945-956.
20. Greenberg P, Cox C, LeBeau MM, et al. International scoring system for
evaluating prognosis in myelodysplastic syndromes. Blood. 1997;89:
2079-2088.
21. Przepiorka D, Weisdorf D, Martin P, et al. 1994 Consensus Conference
on Acute GVHD Grading. Bone Marrow Transplant. 1995;15:825-828.
22. Breems DA, Van PuttenWL, De Greef GE, et al. Monosomal karyotype in
acute myeloid leukemia: a better indicator of poor prognosis than a
complex karyotype. J Clin Oncol. 2008;26:4791-4797.
23. Schmid C, Labopin M, Nagler A, et al. Treatment, risk factors, and
outcome of adults with relapsed AML after reduced intensity condi-
tioning for allogeneic stem cell transplantation. Blood. 2012;119:
1599-1606.
24. Goodyear OC, Dennis M, Jilani NY, et al. Azacitidine augments expan-
sion of regulatory T cells after allogeneic stem cell transplantation in
patients with acute myeloid leukemia (AML). Blood. 2012;119:
3361-3369.
25. Schroeder T, Frobel J, Cadeddu RP, et al. Salvage therapy with azaciti-
dine increases regulatory T cells in peripheral blood of patients with
AML or MDS and early relapse after allogeneic blood stem cell trans-
plantation. Leukemia. 2013;27:1910-1913.
26. Corces-Zimmerman MR, Hong WJ, Weissman IL, et al. Preleukemic
mutations in human acute myeloid leukemia affect epigenetic regu-
lators and persist in remission. Proc Natl Acad of Sci U S A. 2014;111:
2548-2553.
27. Craddock C, Quek L, Goardon N, et al. Azacitidine fails to eradicate
leukemic stem/progenitor cell populations in patients with acute
myeloid leukemia and myelodysplasia. Leukemia. 2013;27:1028-1036.
28. Goardon N, Marchi E, Atzberger A, et al. Coexistence of LMPP-like and
GMP-like leukemia stem cells in acute myeloid leukemia. Cancer Cell.
2011;19:138-152.
29. Will B, Zhou L, Vogler TO, et al. Stem and progenitor cells in mye-
lodysplastic syndromes show aberrant stage-speciﬁc expansion and
harbor genetic and epigenetic alterations. Blood. 2012;120:
2076-2086.
30. Christopeit M, Kuss O, Finke J, et al. Second allograft for hematologic
relapse of acute leukemia after ﬁrst allogeneic stem-cell trans-
plantation from related and unrelated donors: the role of donor
change. J Clin Oncol. 2013;31:3259-3271.
